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ABSTRACT 
The d i f f u s i v i t y  of  z inca te  i n  f r e e  a lka l ine  e l ec t ro ly t e -has -been  inves t i -  
gated as a function of KOH concentration and temperature. 
explanation i s  given f o r  deviations from the Einstein-Stokes equations. 
A q u a l i t a t i v e  
Mossy zinc whiskers are deposited under ac t iva t ion  cont ro l led  conditions 
and ac i cu la r  dendrites a r e  depositeed_. under- diffusion cont ro l led  con- 
d i t i o n s .  No intermediate form of deposit  h a s  been found. 
P l a s t i c  separa tor  membranes i n  zincate e l e c t r o l y t e  show varying degrees 
of s e l e c t i v i t y  for  z inca te  ions.  The distribution.coefficient f o r  
z inca te  i n  t h e  membranes i n  equilibrium with z inca te  e l e c t r o l y t e  i s  l e s s  
than one and va r i e s  by a f a c t o r  of seven for t h e  membranes t e s t e d .  
The z inca te  diffusivity.in.plastic-membranes i s - d i r e c k l y  propor t iona l  t o  
t h e  conductiuity.of t h e  membranes i n  t h e - a l k a l i n e  e lec t ro lyke .  Both 
parameters a r e  related t o  t h e  pore s i z e s  of t h e  membranes. 
When a membrane i s  i n  c lose  a b u t t a l  t o  a zinc e lec t rode  i n  a lka l ine  
e l e c t r o l y t e ,  t h e  overvoltage required. t o  i n i t i a t e  zinc. growth i n  t h e  
membrane has t o  be g rea t e r .  than. t h a t  required t o  produce dendrites.  on t h e  
e lec t rode .  Once t h e  overvoltage is s u f f i c i e n ~ _ t o . p r ~ ~ e . d e n d r i . t e s  
zinc growth occurs i n  cellulosic-memhzanes. Membranes.. such as. C-3 
(Borden Chemical Co. (1) can. t o l e r a t e  overvoltages up t o  100 mV i n  
excess of.  $hat required t o  produce dendrites without any zinc growth 
occurring i n  t h e  membranes. 
S i lve r  zinc c e l l s  have been cycled using a z inc  overvoltage cu tof f  
(75 m V ) .  No penet ra t ion  of the-membranes orcur red  wder. these con- 
ditions.. High r e s i s t i v i t y -  membranes. x c e l e r a k  s h q e  change. The best 
shape r e t e n t i o n  w a s  found with low r e s i s t i v i t y  c e l l u l o s i c  membranes. 
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1, INTRODUCTION 
This repor t  summarizes t h e  research ca r r i ed  out under Contract 
NAS 5-10231. 
growth i n  a lka l ine  so lu t ions  and a determinatian of t h e  mechanism 
whereby zinc dendri tes  can penetrate  membrane materials t h a t  a r e  
used i n  electrochemical c e l l s  which incorporate  zinc negat ive 
e lec t rodes .  
The work w a s  d i rec ted  toward a study of-zinc dendri te  
In  t h i s  program t h e  zincate  d i f f u s i v l t y  i n  a lkal ine-solut ions w a s  
determined as a function. of.KOH concenkraklzm and t e q e s a t u r e  
The morphology of t h e  z i n c  deposi ts  w a s  cor re la ted  w i t h  t h e  deposi- 
t i o n  p o t e n t i a l ,  Analyt ical  work w a s  ca r r i ed  out t o  determine zinc- 
a te  absorption i n  various membranes. Zincate d i f f u s i v i t i ? s  i n  t h e  
membranes were also.determined, The membranes examined were 
PUDO-300 (DuPont , Ag t r e a t e d  PUDO-300 ( Y E C  C-19) polyvinylalcohol , 
C-3 and 9107/5 (Borden Chemical Co,) and 2,2xfI s e r i e s  2 (Radia- 
t i o n  Applications Inc e 1 n 
f o r  z incate  i n  t h e  var ious membranes were co r re l a t ed  with the  
overvoltage necessary t o  penetrate  t h e  membranes during zinc 
deposi t ion.  
The absorption and t r anspor t  parameters 
2"  TECHNICAL DISCUSSION 
2 , 1  Zincate Diffusion i n  KOH Solutions 
Since t h e  ra te  of d i f fus ion  of z incate  t o  t h e  growing m e t a i  
subs t r a t e  determines t h e  morphology of t h e  zinc depos i t ,  it i s  
important t o  know the  d i f fus ion  coe f f i c i en t  for z inca te  i n  KOH 
e l e c t r o l y t e .  The dependence of t h e  d i f fus ion  coe f f i c i en t  on KOH 
concentrat ion-and temperature must be known i f  t he  r e s u l t s  a r e  t o  
be general ly  appl icable  t o  t h e  ana lys i s  of zinc deposi t ion,  The 
d i f fus ion  coe f f i c i en t  of  zincate w a s  determined as a funct ion of  
KOH concentration and temperature, 
were 5%,  25%, 30%, 35%, 40%, and 44%. 
were O°C, 25OC, 3 5 O C ,  and 503C. 
The KOH concentratiorn; used 
The temperatures s tud ied  
A polarographic .technique w i t s  used t o  determine t h e  d i f fus ion  
e f f* ic ien ts .  For t h i s  -purpose , so lu t ions  of 5 x M z inca te  
w e r e  prepared i n  t h e  var ious concentrations of KOH, The solu- 
t i o n s  were sa tura ted  u t h  .Lgepal t o  suppress any -extraneous 
polarographic m a x i m a ,  Portions o f  these  so lu t ions  were trms- 
f e r r e d  t o  a polarographic c e l l ,  The polarographic c e l l  w a s  then 
t r a n s f e r r e d  t a  a water ba th ,  thermostatted a t  t h e  requi red  
temperature.  The mercury column w a s  also thermostat ted by means 
of a water jacke t ,  A f t e r  30 minutes t h e  polarographic c e l l  w a s  
f lushed with ni t rogen gas f o r  a f u r t h e r  30 minutes, This pro- 
cedure eliminated oxygen from the so lu t ion  and brought the 
c 
m 
e lec t ro ly t e  t o  the  required temperature. 
recorded on a Sargent Model XXI Polarograph. I n  addi t ion,  polarograms 
of t h e  Igepal-saturated blank so lu t ions  (KOH so lu t ions  without z inca te)  
were recorded a t  t he  various temperatures. The drop time and drop 
weight f o r  the mercury drops was a l s o  determined i n  the  various KOH 
concentrations as  a funct ion of temperature. These two parameters 
were determined a t  the half  wave p o t e n t i a l  f o r  z inc.  This procedure 
gave the values of t he  drop time and drop weight per t inent  t o  the  
zincate polarograms . 
The polarogram w a s  then 
The diffusion coe f f i c i en t  ( D )  was calculated from the  modified I lkovic  
e quat ion. 
2.1 
where id = the  d i f fus ion  l i m i t e d  cur ren t  i n  microamperes 
B ' =  F 6L7 10-2 
1/6 ( P H ~ )  2 / 3  
F = the Faraday 
P = t h e  mercury densi ty  
Hg 
n = the number of e lec t rons  involved i n  the  r eac t ion  
= 2. 
C = the concentration of z incate  i n  mill imoles pe r  l i t e r .  
m = the c a p i l l a r y  e f f i c i ency  i n  mg/sec. 
t = the drop time of mercury i n  sec .  
A = a constant = 34. 
The height of the  polarographic wave was determined, using the  blank 
curves t o  cor rec t  f o r  the  current  of t he  supporting e l e c t r o l y t e .  
gave us the  value f o r  id. This value,  together  with the  drop time, 
drop weight and the  appropriate value of t h e  mercury densi ty  (depending 
on temperature) was inser ted  i n  Equation (2.1) t o  y i e ld  the  d i f fus ion  
coef f ic ien t .  
This 
Figure 1 shows a t y p i c a l  s e t  of polarographic waves together  with t h e  
blanks for various KOH concentrations.  It can be seen t h a t  a s ing le  
2 
, 
6o r 
POLAROGRAPHIC CELL VOLTAGE 
1 5% KOH 1' B l a n k  5% KOH 
2 25% KOH 2' B l a n k  25% KOH 
3 30% KOH 3' B l a n k  30% KOH 
FIGURE 1 ZINCATE POLAROGRAPHS 
5 x 10-3 M ZnO in KOH, 25% f o r  solut ions 
1,2 and 3. 
3 
I I 1 
0 20 40 60 
FIGURE 2 DIFFUSION COEFFICIENT FOR ZINCATE VS. KOH CONCENTRATION FOR 
VARIOUS TEMPERATURES 
4 
wave is obtained for the zincate ion discharge. The masking of the 
zincate wave by the potassium wave was more apparent at the higher 
concentrations of KOH and the higher temperatures. Subtraction of the 
blank wave from the zincate wave gives the corrected zinc wave for ob= 
taining the values of i . The values of id and D f o r  various tempera- 
plots of the diffusion coefficient against percentage KOH for the 
various temperatures. It may be seen that the diffusion coefficient 
for zincate in the 5% KOH to 25% KOH concentration range is relatively 
constant. 
cient drops steadily with increase in KOH concentration. 
Table I 
tures and KOH concentra $ ions are given in Table I. Figure 2 gives 
In concentrations in excess of 3% KOH the diffusion coeffi- 
Values of id and D for Various KOH Concentrations a n d  
TemDeratures 
Temperature 
KOH 
5% 
25% 
3% 
35% 
5% 
44% 
0°C 
id@ 
19.8 
18.6 
17.1 
14.7 
10-5 
6.75 
D x 106 
2.38 
1-95 
1.55 
1.34 
0.648 
0.269 
25 "C 
dPA 
29.0 
37.8 
34.8 
29.1 
22.6 
15.4 
D x 10' 
6.86 
6.99 
7.23 
4.82 
2.53 
1.32 
35 "C 
idpA 
39.3 
40.2 
39.3 
38.7 
29.8 
19*7 
c x 106 
8.67 
9.21 
9.06 
8.w 
5.23 
2.36 
_- 
Figure 3 gives a plot of the diffusion coefficient against the r*eci&-3cb.al df '  
the viscosity. It is interesting to note that the curve does not fo l low thy 
straight line behavior predicted by the Einstein-Stokes equation. 
D =  kT 
6rrq 
where 
k = the Boltzman constant. 
T = the absolute temperature. 
r = the particle radius 
q = the viscosity 
5 
1.0 
04 
t 
FIGURE 3 DIFFUSION COEFFICIENT FOR ZINCATE VS.  RECIPROCAL VISCOSITY 
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Figure 3 a l s o  gives a p l o t  of t he  d i f f u s i v i t y  of oxygen aga ins t  t he  
r ec ip roca l  v i scos i ty  a t  room temperature i n  the same concentrat-ion range 
of KOH. 
Walker.)2 
(The values of the  oxygen d i f fusavi ty  a re  those of Gubbins a& 
It may be seen t h a t  t h e  p lo t  i s  l i n e a r .  
If one ex t rapola tes  the d i f f u s i v i t y  data f o r  z incate  a t  high concerr..tra.- 
t i o n s  of KOH t o  low concentrations of KOH, the  predicted d i f fus ion  coeff'i- 
c i e n t  i s  much l a r g e r  than t h a t  found experimentally. 
t i o n  f o r  t h i s  r e s u l t  i s  t h a t  the radius of t he  d i f fus ing  zinc species i s  
smaller a t  higher concentrations of KOH. A t  the  higher concentration of 
KOH p r a c t i c a l l y  a l l  the  water i s  t i e d  up as  water of hydration fo r  KOE:, 
whereas a t  the  lower KOH concentrations we have considerable m o u n t s  of 
f r ee  water molecules i n  the  so lu t ion .  
d i f fus ing  zincate  ion  i n  low concentra%ions of KCH may be a large b7,y3r.ated 
ion, ,whereas it i s  a small  anhydrom ion i n  the higher coxi.cai.t,ra.Lior~s of 
KOH. 
z incate  ion i n  44% KOH would account f o r  ,the discyepancy in the Einstein-  
Stokes r e l a t ionsh ip .  I n  the  case of  oxygen we have art uncharged (hence, 
unhydrated) d i f fus ing  species whose radius w i l l .  not c!,ange with t k e  c m -  
cen t r a t ion  of KOH; hence, the l i n e a r  re la t ionship  Fetfween diffia:ivi . ty 
and r ec ip roca l  v i scos i ty .  
A possible  explana- 
T h s ,  it i s  possible . that .the 
A hydrated zincate ion i n  5% KOH with 2.5 t h e s  ' the radius  02 t h e  
Figure 4 gives Arrhenius p l o t s  f o r  t he  d i f fus ion  coe f f i c i en t  i n  35% KOd9 
4% KOH and 44% KOH. 
pressed as: 
It may be seen tha t  the d i fpds iv i ty  can be ex- 
D = Do exp ( - A H )  
m 
where D = t he  d i f fus ion  coef f ic ien t .  
D o =  a constant 
A H -  the  energy of ac t iva t ion  f o r  d i f fus ion .  
T = the  absolute temperature. 
R = t he  gas constant.  
Values of Do ar,d H a r e  given i n  Table 11. 
energy of ac t iva t ion  f o r  d i f fus ion  of zincate i s  qui te  layge i n  the  
KOH concentrat ion ranges t h a t  a r e  p r a c t i c a l  for use ir, f h e  silver-ziric 
sys tem c e l l s .  
It can be s e m  that. tA.- 
Table I1 Diffusion Parameters f o r  Zincate i n  KOH Solutions 
Percent KOH 
35% 
4% 
44% 
7 
1.0 
O@l c I 3.3 3.5 3.7 3. 
FIGURE 4 A R R H E N I U S  PLOTS FOR ZITU’CATE D I F F U S I V I T Y  
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2.2 Zinc Deposition on Rotating Disc Electrodes 
To co r re l a t e  the morphology of zinc deposi ts  a s  a funct ion 
of zinc overpoten t ia l  a s e r i e s  of experiments w a s  car r ied  out 
i n  which zinc was deposited f r o m  a zincated sa tura ted  so lx t ion  
of 35% KOH on a r o t a t i n g  d i sc  a t  various overpotent ia ls  while 
measuring the  p l a t ing  current .  
For t h i s  inves t iga t ion  a ro ta t ing  d isc  cathode (1 cm i n  diameter) 
was mounted i n  a pyrex c e l l  (see Figure 5 ) .  The c e l l  had a 
counter e lectrode i n  a separate compartment, and a z i n c  referefico 
e lec t rode  with a Luggin cap i l l a ry  which was ir, c l o s e  a b u t t a l  t o  
the  robat ing d i sc .  A Wenking poten t ios ta t  was us-d t o  maintain 
the  zinc cathode a t  constant po ten t i a l  wit,h respec t  t o  the refer-  
ence e lec t rode .  During deposit ion the d i sc  cathode was ro t a t ed  
a t  8.8 r .p . s .  
a t  various overpotent ia ls  Ths deposiXion c-xresdf, was measured 
towards t h e  end of p l a t ing .  Separate runs were car r ied  out f o r  
each overpoten t ia l  t h a t  was invest igated Lpon termination of 
a run the  zinc deposi t  w a s  scraped o f f  the d i sc  and the w a n  
thickness  of t e n  whiskers was determined microscopicaliy.  
Approximately lgO coulombs of zinc were depo:-ited 
Figure 6 Curve 1 shows the  dependent.. of cur ren t  on overpoten- 
t i a l ,  and Curve 2 gives the diameter of the  whiskers as  a 
funct ion of overpotent ia l .  
i s  similar t o  a polarographic wave i n  khat the  cur ren t  r i s z s  
wi th  p o t e n t i a l  and tends towards a l i m i t i n g  value a t  about 
an overpoten t ia l  of 200 nV.  
not  be determined accura te ly  since a t  these high ove rpo tmt i a l s  
considerable hydrogen evolution occurs along with the zfrc 
deposi t ion.  However it can be seen thak a% overpot2r t ia l s  Less 
than  125 mV zinc deposi t ion i t  is not cont ro l led  by d i f fus ion  
of z incate  t o  tne  subs t ra te  wheTreas a t  overpotent ia ls  in exc 
of i75 mV zinc deposi t ion occvim;"~ m d e r  d i f fus ion  cor_+,roil:d 
condi t ions.  It i s  i n  %his i r , terval  of overpoten t ia l  ( a t  
approximately i5O EiV) sha t  the  t .rar,>it ior,  f v o s  T-OSS;~ to d u -  
d r i t i c  zinc o c c u r s .  Thus it i s  evident t h a t  rnossy z i m  ik 
deposited under ac t iva t ion  controlled condi%ions and de:dr.i':c 
kinc under d i f fus ion  controlled condi-tions Morp"lo2 o g i c a 2 - l ~  
t h e  main c r i t e r io rL  which dis t inguishes  t:x moss Nk-i -!EL-; froz 
dendri tes  i s  t h e i r  diame5ers (3.6 ll for w'kiiskers and 170 '/-I 
f o r  dendr i tes )  zinc Lias a very  open s t r - x t w e  and has 
a dens i ty  of 0.1 :7z:3 wkiereas drndrE+lc z i r x  "as a d c r L = i t ;  of 
The cur ren t -overpoten t ia l  curve 
The Ifmiking cur ren t  der,sit,y carL 
0.25 g/Crn 3 
9 
I 
Zinc Reference 
Water Jacket 
Figure 5 Rotating Disc Apparatw 
10 
r 
POTENTIAL VS . Z I N C  (VOLTS) 
FIGURE 6 CURRENT AM) DIAMETERS OF WHISKERS 
AS A FUNCTION OF POTENTIAL 
11 
Since dendri tes  a re  deposited under d i f fus ion  control led 
conditions the parameter which governs the  c r i t i c a l  current  
a t  which dendri tes  form w i l l  be the  product of t he  zincate  
d i f f u s i v i t y  i n  the e l e c t r o l y t e .  A p l o t  of this parameter 
versus KOH concentration i s  given i n  Figure 7. It can be 
seen t h a t  the product of the  zincate  d i f f u s i v i t y  and the  
s o l u b i l i t y  goes through a maximum a t  about 31% KOH. A t  
t h i s  concentration the p o s s i b i l i t y  of forming dendri tes  
should be a t  a minimum. 
2 -3 Absorption of Zincate i n  Separators 
For penetrat ion of zinc through separa tors  t o  occur z inc 
must be deposited i n  the body of the  separator  membrane. 
The concentration of z incate  i n  the  ambient whether it 
be f r e e  e l ec t ro ly t e  or membrane i s  an important parameter 
f o r  zinc deposit ion under both a c t i v a t i o n  and d i f fus ion  
control led conditions.  The concentration of z incate  i n  
various membranes was determined for various ex te rna l  
concentrations of z incate  i n  the ambient e l e c t r o l y t e .  
I n  t h i s  study the  membranes invest igated were PUDO-300 
(Du Pont cellophane), Ag-treated F"DO-300 (Yardney E l e c t r i c  
Corp.), unplast ic ized polyvinylalcohol (Monosol-PVA supplied 
by Polyfilm Corp.), 2.2XH Ser i e s  2 graf ted  polyethylene 
(Radiation Applications Inc ., ) , and C-3, 9107/5, 9107/21, 
9107/22, 9107/27 (Borden Chemical Co . ) (1) 
The a n a l y t i c a l  method used was a s  follows. The separators  
were cut  i n t o  pieces 3" x 3", weighed, and soaked i n  the  
desired a lka l ine  zincate  so lu t ion  f o r  th ree  days. The 
membranes were taken from the  e l e c t r o l y t e  and towelled 
between two layers  of absorbent papers and weighed as  
quickly as  possible  t o  minimize carbon dioxide pickup and 
evaporation lo s ses .  The dimensions of  t he  membrane a f t e r  
t h e  soak period were a l s o  determined. The membranes were 
then dissolved i n  10 cc of 1:l HNO and the  so lu t ion  
evaporated t o  dryness. The residue was dissolved i n  a 
so lu t ion  containing 1N NH4OH + 1N NH4C1 (50 c c ) .  This 
ammoniacal so lu t ion  was analyzed polarographical ly  f o r  
zinc using g e l a t i n  as a maximum suppressor.  I n  t h i s  way 
the  number of moles of z inca te  per  sample was determined. 
The volume of e l e c t r o l y t e  i n  t h e  membrane was determined 
f r o m  the  weight pickup of t h e  e l e c t r o l y t e  and the densi ty  
of t h e  spec i f i c  e l e c t r o l y t e  used. Thus t he  concentration 
of z incate  i n  terms of volume of absorbed e l e c t r o l y t e  
could be determined. Furthermore the concentration of 
z incate  per u n i t  volume of soaked membrane could a l s o  be 
determined. The l a t t e r  parameter is important from the 
point  of view of zinc deposi t ion i n  t h e  membrane s ince 
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together  with the  zincate  d i f f u s i v i t y  i n  the  membrane 
it determines the  zincate  f lux  i n  the  separa tor .  
The absorption of z incate  was determined f o r  a l l  membranes 
i n  45% KOH a t  25°C i n  the z inca te  concentration range of 
0.1M t o  1.0 M. The absorption of z incate  i n  C-19 and 
WDO-30 was determined i n  44% KOH sa tura ted  with Emulpho- 
gene BC-610 (General Aniline and Film Corp.), and i n  31% 
KOH f o r  mTD0 300, C-19 and 2.2XH. To determine i f  any 
changes i n  the f i l m  s t ruc tu re  due t o  aging i n  KOH solu- 
t i ons  a f f e c t s  z incate  pickup the  absorpt ion of z incate  i n  
44% KOH we determined f o r  C - 1 9 ,  PUDO-300, PVA, C-3 9107/5 
and RAI 2.2XH i n  45% KOH a t  60"c. 
branes were soaked i n  the  zincate  so lu t ions  f o r  th ree  days 
a t  60"c. 
I n  t h i s  case the  mem- 
Curves f o r  the absorption of z incate  i n  the  membranes under 
various conditions a re  given i n  Figures 8 - 14. 
except f o r  9107/27 the  concentration of z incate  i n  the  separa- 
t o r  was l e s s  than the  ambient e l ec t zo ly t e .  
membrane as  a separate  phase then 
I n  a l l  cases 
If one t r e a t s  t he  
'M = K 
CE 
where CM i s  the  concentration of z incate  i n  the  membrane 
and CE the  concentration of z inca te  i n  the  ambient e l ec t ro -  
l y t e  and K i s  the  d i s t r i b u t i o n  coe f f i c i en t  f o r  z incate .  
Table I11 gives values f o r  K f o r  t he  var ious membranes 
under various condi t ions.  
Table I11 Zincate Dis t r ibu t ion  Coeff ic ients ,  K and Conditions 
for Absqrption Studies i n  Separator Membranes 
1 
Separator 
TY-Pe 
P U D O - ~ ~ O O  
c-19 
WA 
c-3 
2.2XH Ser ies  2 
9107122 
9107121 
9107127 
9107/5 
0.84 
0.81 
0 9155 
0.63 
0.455 
0.91 
1.06 
0-592 
0.84 
E l e c t r o l  
--jqEK 
t 25"c 
0.94 
0.84 
0.60 
t e  and Starid Temperature 
45% KOH 145% KOH Saturated 
BC-610 a t  25°C 
0.84 
0.83 
0.610 
0.420 
0.55 
0.75 
0 0.5 
MOLES ZnO PER LITER OF KOH I N  BATH 
0 TEMP = 25OC 44% KOH K = 0 . 8 1  
TEMP = 6ooc 44% KOH K = 0.79 
A TEMP = 25OC 31% KOH K = 0.89 
X TEMP = 25'C 44% KOH SAT'D EMULPHOGENE BC-610 
FIGURE 8 ABSORPTION ISOTHERMS FOR YARDNEY c-19 
MOLES ZnO PER LITER OF KOH I N  BATH 
0 Temp = 2 5 O C  44% KOH K = 0.84 
Temp = 6ooc 44% KOH K = 0.86 
A Temp = 2 5 O C  31% KOH K = 0.94 
x Temp = 2 5 O C  44% KOH K = 0.84 
FIGURE 9 ABSORPTION ISOTHERMS FOR DU PONT PUDO 300 
16 
MOLES OF ZnO PER LITER OF KOH I N  BATH 
0 TEMP = 25'C 44% KOH K = 0.592 
TEMP = 6ooc 44% KOH K = 0.610 
FIGURE 1 0  ABSORPTION ISOTHERMS FOR POLYFILM CORP. PVA 
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MOLES ZnO PER LITER KOH I N  BATH 
b TEMP = 25OC 44% KOH K = 0.155 
a TEMP = 6ooc 44% KOH K = 0.420 
FIGURE 11 ABSORPTION ISOTHERMS FOR BORDEN C-3  
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0 0.5 
MOLES ZnO PER LITER OF KOH IN BATH 
0 TEMP = 25OC 44% KOH K = 0.455 
TEMP = 6ooc 44% KOH K = 0.75 
FIGURE 12 ABSORPTION ISOTHERMS FOR BORDEN 9107-5 
I .  
MOLES ZnO PER LITER KOH I N  BATH 
0 BORDEN FILM 9107'22 K = 0.84 TEMP = 25'C 
BORDEN FILM 9107/21 K = 0 . 9 1  
BORDEN FILM 9107/27 K = 1.06 
FIGURE 1 3  ABSORPTION ISOTHERMS FOR BORDEN FILM 9107/22, 
FILM 9107/21, and FILM 9107/27 
20 
Moles of ZnO Per Liter Of KOH In Bath 
0 Temp = 25OC 44% KOH K = 0.66 
A Temp = 25OC 31% KOH K = 0.6 
0 Temp = 6ooc 44% KOH K = 0.55 
FIGURE 14 Absorption Isotherms for 2.2xH Series 2 
(Radiation Applications Inc.) 
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It can be seen t h a t  the  separa t ion  c o e f f i c i e n t  f o r  the 
various membranes vary by a f a c t o r  of seven. Except f o r  
9107/27 a l l  membranes exclude zincate  t o  some degree. 
Additions of Emulphogene BC-61C t o  the  e l e c t r o l y t e  do not 
change the separat ion c o e f f i c i e n t  f o r  c e l l u l o s i c  mater ia ls ,  
and the separat ion coe f f i c i en t  f o r  c e l l u l o s i c  mater ia l s  and 
graf ted  polyet-hylene i s  the same i n  31% KOH and b5% KOH, 
The separat ion coe f f i c i en t  f o r  z incate  i n  c e l l u l o s i c  f i lms 
and polyvinyl a lcohol  does not change with increase i n  
soak temperature. Howev?r9 the separa t ion  c o e f f i c i e n t  f o r  
both C - 3  and 9107/; changez considerably with soak tempera- 
t u r e .  This must be due t o  degradation of the  r a t e r i a l s  
i n  the  hof, caus-bic so lu t io rx .  
from a t ransparent  f i l m  t o  a dark amber co lor  a f t e r  t h ree  
days stand at, 60"c. 
chemical degradation of the " i l m .  No such v i s i b l e  changes 
occurred i n  the  case of the  C - 3  m t c r i a l .  The separat ion 
coe f f i c i en t  f o r  2.2XH was slight.Ly yeduced when the nem- 
branes were soaked a t  60°c, This reduct ion i n  z incate  ab- 
sorp t ion  may be due t o  leaching out of loose graf ted  
mater ia l  .,
I!hc 910'7/5 n a t e r i a l  changed 
This clnange i n  color  must be due t o  
2.4 Zincate Diffusion i n  Separators 
Since the  r a t e  of d i f fus ion  of z incate  t o  a growing 
dendri te  i n  a separator  w i l l  determine the r a t e  of growth 
of zinc through the  separa tor  i t  i s  h p o r t a n t  t o  know the  
zincate  d i f f u s i v i t y  i n  the membrane. The d i f f u s i v i t y  of 
z incate  was determired f o r  the following separators :  
Du Pont PUDO-300, YEC Ag-treated PUDO-300 (C-lg),  Borden 
Chemical Co. (1) C - 3  and 9lO7/5, "Monosol" PVA ( m p l a s t i -  
cized polyvinyl a lcohol  PoLyfihi Corp.) and Radiation 
Applications Inc graf ted  polyethylene (2.2XH Ser ies  2 )  
The above separators  were c u t  i n t o  pieces  3" x 3" and 
soaked f o r  t k i e e  days i n  44% KOH so lu t ion  containiflg 
1.0 M z incate .  Tne separators  were then  dr ied by toweling 
and mounted i n  a two-conpartnent d i f fus io3  c ~ l l  (see 
Figure 15). 
f i l l e d  with 17 cc of 44% 
s t i r r i n g  the so lu t ion  on t h e  z inca te  d i l u t e  s ide  of the 
membrane by bubbling pu r i f i ed  ni t rogen through a cap i l -  
l a r y .  Samples of t h ~  so lu t ion  (0.2 c c )  were removed from 
the z inca te-d i lu te  compartment pe r iod ica l ly .  The samples 
were dissolved i n  a so lu t ion  c o n t a k i n g  1N NH40H + 
lN M4Cl (50 c c )  
analyzed polarographical ly ,  
had penetrated the  sample was deterrrined, Corrections were 
One coxlpartment of the  d i f fus ion  c e l l  was 
Arrangements were made f o r  
The mxnoniacal z inc  so lu t ion  was then 
The amount, of z inca te  t h a t  
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made t o  take i n t o  account the volume of the  samples removed. 
D i f fus iv i ty  measurements were a l s o  made f o r  PTJDO 300, C-19 and 2 . Z H  
i n  31% KOH. I n  t h i s  case, t he  membranes were soaked i n  31% KOH + 
0.6 M ZnO. I n  the  d i f fus ion  c e l l  the ambient on the zinc r i c h  s ide  
of t he  membrane was 31% KOH + 0.6 M ZnO, while the e l ec t ro ly t e  on 
the  zinc d i l u t e  s ide  of the membrane was 31% KOE. 
Diff 'usivity measurements were a l so  niade f o r  membranes t h a t  were 
soaked a t  60"c f o r  three days i n  45% KOH + 1.0 M z incate .  
way w e  hoped t o  simulate changes i n  t he  membranes which might occw 
during prolonged stand i n  the caust ic  e l e c t r o l y t e  a t  room temperature. 
1s t h i s  
The reason f o r  presoaking the  membraes i n  z incate  solut ions instead 
of pure KOH was t o  eliminate any zincate absorption e f f e c t s  i n  tte 
membranes during measwements The p o s s i b i l i t y  e x i s t s  t h a t  suck; 
e f f e c t s  could i n t e r f e r e  with t h e  measurement of %he zincate  d l f fu-  
si-vity i n  the  membrane. 
Figure 16 shows a schematic representat ion of the con@ent,ration 
p r o f i l e  f o r  z incate  t h a t  i s  encountered i n  these measuremerits. 
The permeation process cons is t s  of t he  following s teps :  
1. Transfer of z incate  f rom the e l ec t ro ly t e  a t  x=O t o  t h e  merhrane 
a t  x=O. 
2. Diffusion of zincate 'through the separator  from x=8 t o  x-L.  
3. Transfer of z incate  from the  membrane a t  x=L t o  the  e l e c t r o l y t e  
a t  x=L. 
O u r  abscrpt ion s tudies  show tha t  the  c o n c a t r a t i o n  of z incate  
ins ide  the  membrane a t  x=O (C,) 
of z incate  i n  the  ambient e l ec t ro ly t e  a t  x-0 (CY,).  
between these two parameters i s  
M i s  not equal t# the concentration 
The relationshTp 
M E 
Co = kCo Eauation L 
Other work i n  t h i s  laboratory shows t h a t  t he  r a t e  of permeation of 
z inca te  through ce l lu los i c  membranes i s  inverse ly  proport ional  t o  
the  thickness  of  the membranes. mus, it can be concluded t h a t  
t he  d i f fus ion  process i s  the r a t e  determining s t ep  i n  the perrr_eation 
process.  If Q i s  the  quant i ty  of zincate t h a t  has penetrated a mem- 
brane, then the  flux of zincate (J) is:  
J =  Q 
A t  
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where A i s  the  area through which the penetrat ion takes  place 
and t i s  the time fo r  t he  quant i ty  (Q)  t o  pene t ra te .  Also, 
Equation 3 
where Cf i s  the  concentration of z incate  i n  t h e  e l e c t r o l y t e  a t  
x=L, L, t h e  membrane thickness,  and P, t he  permeation constant 
f o r  t he  membrane. For the  experimental conditions chosen C:<<CE 
Also  
E J = Eo 
M J = Eo 
= DkCE 
0 
L 
Combining Equation 
D = Q J  
Equation 4 
Equation 5 
Equation 6 
2 and Equation 6 gives 
Equation 7 
AtCEk 
Figures 17-20 give p l o t s  of Q versus 
branes. Table I V  gives values of J, P, k and I) f o r  t he  various 
membranes. D and k values a re  not given f o r  t h e  Borden Coo 
mater ia l  #9107/5. This membrane i s  a t r i p l e  laminate and k 
values a re  not known f o r  t h e  various components of t he  laminate. 
t f o r  the  various mem- 
The zincate  d i f f u s i v i t i e s  i n  the  membranes a r e  one t o  three  or- 
ders of magnitude lower than the  d i f f u s i v i t y  i n  f r e e  e l e c t r o l y t e .  
Figure 21 gives a p l o t  of the  d i f f u s i v i t y  of z incate  i n  the 
various membranes versus the  membrane conduct iv i t ies  i n  the  
e l ec t ro ly t e .  It can be seen t h a t  t he  r e l a t ionsh ip  between 
zincate d i f f u s i v i t y  and membrane conduct ivi ty  i s  roughly l i n e a r .  
Both parameters a r e  r e l a t e d  t o  the  pore s i z e  i n  the  membranes; 
hence, t he  d i r e c t  r e l a t ionsh ip .  I n  the  case of z incate  diffusion 
in  f r e e  e l ec t ro ly t e ,  the  r a t i o  of the  z inca te  d i f f u s i v i t y  i n  
31% KOH t o  t h a t  i n  44% KOH was 4.65. 
membranes (PUDO 300 and C-19) the  r a t i o  i s  2.26, and f o r  2 . 2 X H  
the r a t i o  is  6.8. 
membrane proper t ies  i n  determining the zincate  d i f f u s i v i t y .  
I n  t h e  case of c e l l u l o s i c  
This r e s u l t  demonstrates the  importance of the  

~~ 
Table IV Zincate Transport Parameters i n  Separator Membranes 
Se par a t  or 
c-19 
mo-300 
WA 
c-3 
2.2XH 
9107/5 
c-19 
PUDO-300 
2.2XH 
~~~ 
PUDO-300 
c-19 
W A  
c-3 
2.2XH 
9107/5 
J moles/cm/sec 
1.04 x 
1.04 x lo-8 
7.1 x 
1.53 x 10-l' 
1.74 10-9 
2.63 10-9 
8 1.53 x 10- 
1.53 x 10 
8.54 x 
-8 
L C m X l O  
7.61 
7.61 
5.59 
5.08 
3.81 
5.08 
7.61 
7.61 
3.81 
-8 1.33 x 10 
1.1 x 10 
1.25 x lo-' 
2.52 x 10-l' 
1.375 x 10 
-8 
-9 
3.32 10-9 
7.61 
7.61 
5-59 
5.08 
3.81 
5.08 
P cm /sec 
8 7.8 x io- 
7.85 x 10- 8 
3.58 10-9 
7.56 x 
7.4 x 10-9 
8 1.34 x 10- 
.I__ 
1.95 10-7 
-7 1.95 x 10 
5.38 x 
7 1.03 x i o  
8.3 x io -8 
7.1 
1.28 10-9 
-9 5.25 x 10 
1.69 x 
k 
0.65 
c.69 
0.27 
0.09 
0.28 
- 
0.72 
0.72 
0.30 
0.77 
0.77 
0.37 
0.14: 
0.3 
- 
D cm /sec 
1 .2  10-7 
1.13 10-7 
8.4 10-9 
1.33 x 
2.63 x 
- 
2.71 
2.71 x 10 -7 
1.79 
1.32 
1.08 
8.85 10-9 
-8 1.92 x i o  
-8 
1.75 x 10 
- 
32 
0 
Figures 17-20 a l s o  give p l o t s  of Q versus t f o r  t h e  various membranes 
t h a t  were soaked f o r  th ree  days i n  44% KOH + 110 M ZnO a t  60°C. 
gives values of T, P, K and D for the various membranes. 
Table I V  
It can be seen t h a t  soaking the  membranes a t  60"c i n  KOH increases  the 
flux of z incate  through a l l  membranes except 2.2XH and C-19.  The f l u x  
through C-19 does not change and the f l u x  through 2 .ZH i s  reduced. 
The s l i g h t  increase i n  woO-300 as  opposed t o  C-19 may be due t o  e lec-  
t r o l y t e  a t t a c k  of the  separator  which i s  prevented by si lver treatment 
of t h e  separators .  The reduction of the  f l u x  through 2.2XH may be due 
t o  a s l i g h t  leaching of t he  graf ted mater ia l  i n  the  hot  caus t i c  e l ec t ro -  
l y t e .  The f l u x  increase i n  the other mater ia ls  i s  due i n  p a r t  t o  t h e  
increased d i f f u s i v i t y  fo r  z incate  i n  the  membranes and i n  p a r t  t o  the  
increased separat ion coe f f i c i en t  for zincate  i n  membranes soaked i n  
hot e l e c t r o l y t e .  
2.5 Zinc Penetrat ion of Separators Under Po ten t ios t a t i c  Conditions 
Zinc penet ra t ion  of separator  membranes was invest igated .under poten- 
t i o s t a t i c  conditions.  Figure 22 shows an exploded view of t h e  zinc 
pene t ra t ion  tes t  c e l l .  The e l e c t r i c a l  c i r c u i t  i s  shown i n  Figure 23. 
The test  procedure was as follows. 
The separator  under  t e s t  and a sheet of Viskon paper were soaked f o r  
l e a s t  24 hours i n  44% KOH containing 81 grams of ZnO per l i t e r .  The 
c e l l  w a s  assembled as  shown i n  Figure 22. 
lM ZnO) was added and the  zinc electrode poten t ios ta t ted  a t  the  de- 
s i r e d  po ten t i a l .  
pene t ra t ion  of t he  membrane was l . 3 V  t o  1.5 V. A t  penetrat ion,  the  
voltage drops by 0.1V t o  O.5V. The separators  t e s t e d  by t h i s  method 
were as  follows: 
C - 3  and 9107/5 (Borden Chemical C O . ) ( ~ ) ~  2.2XH Ser ies  2 (RAI) and WA 
(Monosol polyvinylalcohol) . I n  the i n i t i a l  t e s t s  using t h i s  method 
i r reproducible  r e s u l t s  were found. These r e s u l t s  were caused by 
oxygen depolar izat ion of t he  zinc reference electrode.  Modifications 
were made t o  eliminate access of oxygen t o  the zinc reference.  Once 
t h i s  was done the r e s u l t s  were found t o  be reproducible.  This accounts 
fo r  t he  differences i n  the  r e s u l t s  reported here and thosz reported 
i n  the  t h i r d  quar te r ly  repor t .  
E lec t ro ly t e  (44% KOH + 
The voltage between the  platinum screen p r i o r  t o  
PUDO-300 (Du Pont), S i lve r  t r ea t ed  PUDO-300 (YE@ C-lg) ,  
The times fo r  zinc penetrat ion t o  occur i n  various membranes a t  
d i f f e r e n t  overpotent ia ls  a re  tabulated i n  Table V. If penetrat ion 
had not occurred a f t e r  55 hours the run was terminated. The only 
t e s t  car r ied  out i n  excess of 55 hours was f o r  PVA a t  100 mV. I n  
t h i s  run no penetrat ion occurred a f t e r  92 hours. 
of 75 mV the  zinc deposit  consisted e n t i r e l y  of mossy zinc.  
A t  an overpoten t ia l  
33 
Figure $2 Zinc Penetration Test Cell (Exploded View) 
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I Time i n  Hours 
Separator 
c-19 
mo-30  
PVA 
2.2XH 
c-3 
91071 5 
Overvoltagd 75 mv 
>5 5 
3 5  
t o  
100 mV 
inc Pene- 
125 mV 
50 
10 
'5 5 
12 
a t i o n  
150 mV 
>55 
Table V Zinc Penetrat ion Time f o r  Separator Membranes 
and Overpotential  
Copious quan t i t i e s  of moss were deposited and the  zinc deposi t  
pushed the  c e l l u l o s i c  membrane aga ins t  t he  platinum screen.  The 
imprint of the  platinum screen could be seen on the  zinc deposi t  
and on the membrane. However, no penet ra t ion  of t he  menbrane 
occurred a t  75 mV overpoten t ia l .  
Since no dendri tes  were found, it i s  evident  t h a t  the deposi t ion 
occurred under ac t iva t ion-cont ro l led  condi t ions.  
zinc deposi t ion i s  a c t i v a t i o n  control led,  t he  rate of z inc deposi t ion 
w i l l  depend on the  a c t i v i t y  of z inca te  i n  the ambient e l e c t r o l y t e  
and the  energy of ac t iva t ion  f o r  the  zinc deposi t ion process.  
absorpt ion t e s t s  ind ica te  t h a t  the  a c t i v i t y  of z inc  i n  the  mem- 
branes i s  lower than t h a t  i n  the  f r e e  e l e c t r o l y t e .  Furthermore, 
there  i s  a p o s s i b i l i t y  t h a t  t he  i n i t i a l  s t a t e  of +,he zincate  ion  
i n  the membrane d i f f e r s  from t h a t  i n  the  f r e e  e l e c t r o l y t e .  I n  
such a case, t he  a c t i v a t i o n  energy f o r  the  deposi t ion process 
would be d i f f e r e n t  i n  the  separa tor  than i n  the  f r e e  e l e c t r o l y t e ,  
These two f a c t o r s  would expla in  the  absence of z inc  pene t ra t ion  
i n  C-19 and PUDO 300 under act , ivat ion-control led condi t ions.  
A t  a p o t e n t i a l  where 
Tkc. 
The f a c t  t h a t  zinc pene t ra t ion  occurred i n  C - - 1 9  and PUDO-3OO 
a t  -100 mV a f t e r  a sho r t  time ind ica t e s  t h a t  c e l l u l o s i c  mater ia l s  
have a low re s i s t ance  t o  dendr i te  growth. 
voltage i n t e r v a l  of 75-100 mV t h a t  zinc dendri tes  s ta r t  t o  form 
i n  44% KOH. 
It i s  i n  the  over- 
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Polyvinylalcohol and 9107/5 were not penetrated a t  100 mV during the  
runs.  The C - 3  membrane d i d  not undergo zinc penetrat ion i n  55 hours 
u n t i l  an overpotent ia l  of 200 mV was reached. I n  a l l  of these runs 
with PVA, 9107/5 and C 3 the  deposit was dendr i t ic  and zinc deposit ion 
occurred under diffusion-control led conditions.  The d i f f u s i v i t y  
measurements show t h a t  the f lux  of zincate i n  these membranes i s  
smaller than i n  the  case of ce l lu los ic  membranes. The zincate  f l u x  
d e  creases  as  follows - - 9107/ 5 PVA C - 3 .  This order i s  the  in-  
verse of the  order of the times required t o  achieve penetrat ion 
a t  an overpotent ia l  of 125 mV. 
200 mV. 
gen evolut ion occurs which may a f f ec t  t he  t-esults.  However, C-3 ,  
which has the lowest permeabili ty f o r  z incate  d i d  not penetrate  a t  
200 mV u n t i l  34 hours. 
This order does not p r e v a i l  a t  
However, a t  an overpotent ia l  of 200 mV considerable hydro- 
These r e s u l t s  would ind ica te  that, the meEbranes can t o l e r a t e  an 
overpotent ia l  on the zinc electrode i n  excess of t k  overpotent ia l  
necessary t o  form dendri tes  before zir-c growth i s  in i%ia ted  i n  the  
membrane. The magnitude of t h i s  excess 0verpo:ential depends on the  
t r anspor t  propert ies  of t he  membrane. Thus ce t lu ios i c  mater ia ls  
which can t ranspor t  zincate a t  an appreciable r a t e  can t o l e r a t e  only 
a very small  overpotent ia l  i n  excess of the overpotent ia l  necessary t o  
form dendri tes  on the electrode before z inc penetrat ion OCCLXS. A 
ma te r i a l  such as  C-3 ,  which t ransports  z incate  a t  a very low r a t e  
requi res  a la rge  excess of overpotential  above t h a t  Iri-ecessary t o  form 
dendri tes  on the  electrode t o  i n i t i a t e  zinc deposit ion i n  the  membrane. 
2.6 Controlled Po ten t i a l  Cut-Off f o r  Silver-Zinc Cel ls  
The f a c t  t h a t  it appears t h a t  there  i s  a c r i t i c a l  p o t e n t i a l  below 
which no zinc penetrat ion through the separator  w i l l  occur, o f f e r s  
i n t e r e s t i n g  poss ib i . l i t i es  f o r  t he  charge control. of s i lver -z inc  c e l l s ,  
During the  year we procured a scanner which cu ts  off  c e l l s  on charge, 
e i t h e r  when the c e l l  voltage reaches a pa r t i cu la r  value or  when the  
zinc overvoltage reaches a c e r t a i n  prese t  value.  
A t o t a l  of 36 10 AH based on 4g Ag/AH s i lve r -z inc  c e l l o  was c o n s t r x t e d  
f o r  t es t  on t h i s  program. 
negatives.  
wrapped with f i v e  turns  of separator and incorporated i n  the c e l l  packs 
with t h e  negatives i n  a normal "U" wrap. 
was 0.6~1, ac tua l  weight r a t i o .  
case.  A separate  "U" ( a  reference electrode " 9 " ) 9  consis t ing of th ree  
tu rns  of separator,  was a l so  incorporhted in the  case. A s i l v e r  e lectrode 
was inser ted  i n  one arm of t h i s  "U" and a dry charged zinc electrode was 
in se r t ed  i n  the  other  arm of t he  "U". The completed c e l l  case had four 
terminals:  a pos i t ive ,  a negative, a zinc reference terminal, and a 
terminal  f o r  the  s i l v e r  e lectrode i n  the reference electrode "U". This 
s i l ve r  electrode was incorporated t o  charge 1;p the reference electrode i f  
it self-discharged. 
The c e l l s  consis ted of four pos i t ivzs  and f i v e  
The pos i t ives  wel-e enclosed i n  a bag of con-woven nylon9 
The ZLEC t o  s i l v e r  weight r a t i o  
The c e l l  pack was coi-itained i n  a p l a s t i c  
This c e l l  group consis ted of s i x  groups of s i x  
c e l l s  each. A l l  f ac tor2  i n  each c e l l  were constant except the  
separator.  The separa tors  incorporated i n  these  c e l l s  were 
puDO-3OO (Du Pont) C-19 (YEC ), Polyrinylalcohol ( "Monosol" 
WA), C - 3  and 9107/> (Borden Chemical. Co.), and 2.2XH graf ted  
polyethylene (Radiation Applications, Inc . ) 
Preliminary t e s t s  were made with t h i s  scanner on 12 c e l l s  (two 
from each group). 
respect t o  the zinc rz ference .  The c e l l s  were charged a t  t he  
C/10 r a t e  t o  t h i s  cu t -of f  and discharged a t  t he  C/2 r a t e  f o r  
one hour. The zinc po la r i za t ion  was the  only cu t -of f  used on 
charge. No arrangenents were made t o  cu t  of f  t h e  c e l l  a t  a 
p a r t i c u l a r  c e l l  vo l tage .  After 14 cycles, pene t ra t ion  of t h e  
separator had occurred i n  a l l  c e l i s .  
on t h i s  regime the  c e l l  voltage always exeezdtd z O l  v o l t s  before tke  
zinc reached -150 niV, Gassing occurred 02 Lot:: pos i t i ves  and 
negatives before t h s  cut-off was reached. A becond batch of 12 
c e l l s  (two from each group) was tt?!st,ed using -75 mV as  t he  cu t -  
off on t h e  zinc e lec t rode .  I n  toe f i r  cycle t h e  c e l l  voltage 
exceeded 2.1V before the  cut-off w a s  reacned on the zinc e lec-  
t rode .  However on subsequent cycles t h e  z inc  cu t -of f  was 
reached before the  c e l l  voltage reached 2.0 V .  The c e l l s  with 
C - 3  and 9107/5 separa tor  foamed on the f i rs t  cyc le ,  This was 
apparently due t o  some decomposition product; of  %e separators 
which gave a detergent ac t ion .  
spectively the c e l l s  with C - 3  and 9l07/5 came up t o  2 .1  V on 
charge. The zinc e lec t rodes  s t a r t e d  t o  gas and charging was 
stopped. The c e l l s  were then taken a p a r t ,  Holes were found 
i n  the  separa tor  a t  t he  fo ld  of t h e  re ference  e lec t rode  "U". 
This  had caused the  reference e lec t rode  t o  sho r t  t o  t h e  work- 
ing e lec t rode ,  thus preventing cut-off Cracks were a l s o  
found i n  some separa tor  l aye r s  surrounding the  p o s i t i v e s  a t  t h e  
"U" fo lds .  However, no zinc growth W ~ S  found i n  th? body of 
the sepa ra to r ,  These cracks and noles i n  the  separator were 
purely mechanical and apparently were duo eith;rr  t o  a loss  of 
the f l ex ing  p rope r t i e s  of t t e  sephrators on be isg  l e f t  i n  a 
room of low humidity p r i o r  t o  f a b r i c a t i o n  of tk c e U s ,  or 
t o  handling the  membranes on makirg the  "C" wraps. 'Tile re- ~ 
maining e igh t  c e l l s  were cycled f o r  25 cyc le s ,  The CFUS were 
then taken apa r t  i n  t he  charged 6 t a t e .  
occurred i n  any of t h e  Eembranes. 
l ayer  i n  a b u t t a l  t o  t he  zinc e lec t rode  was c l e a r  ar,d devoid 
of holes and z inc .  The z icc  deposit  on t h e  e l ec t rode  con- 
s i s t e d  e n t i r e l y  of mossy z inc ,  
with C 19 and PUDO-300 underwent no shape mange d w m g  cycling. 
However the  c e l l s  with PVA and 2.2XH underwent considerable 
shape change. 
30T. The c e l l s  with 910715 and C - 3  separa tors  had undergone 
about 15% shape change before the  zinc e lec t rode  ?,ad silorted 
t o  t h e  reference e lec t rode  
r e s i s t i v i t i e s  and low permeation r a t e s  f o r  zi-tcate acce le ra t e  
The c e l l s  were c u t  o f f  a t  -150 inV with 
Wnen t h e  c e l l s  were cycled 
Af te r  seven and t e n  cycles r e -  
N o  growth of zinc had 
I n  a l l  cace; t h e  membrane 
The zinc p l a t e s  i n  thc c e l l s  
The p l a t e  a rea  i n  each case was reduced k . ~  about 
Appayently rfienkranos w i t h  mgh 
. 
shape change. This has been noted before i n  t h i s  laboratory.  However, here 
we have a c l e a r  cu t  case s ince due t o  the nature of t h e  cycling regime the  
zinc electrode was charged t o  the same p o t e n t i a l  i n  a l l  c e l l s .  When using 
the c e l l  vol'tage as  cut-off  t h e  zinc electrode may be charged t o  d i f f e ren t  
po ten t i a l s  i n  d i f f e ren t  c e l l s ,  thus making a comparison of t he  zinc elec-  
t rode behavior more d i f f i c u l t .  The use of t h i s  cycl ing regime enables us 
t o  e l iminate  a l l  var iab les  and thus observe t h e  e f f e c t  of t h e  separator  
on the  zinc electrode behavior. 
It should a l s o  be pointed out t h a t  use of t h e  zinc overvoltage as  a cut-  
off i n  cycling c e l l s  gives r ise t o  vas t ly  d i f f e r e n t  conditions than those 
which usua l ly  p reva i l  i n  a secondary s i l v e r  zinc c e l l .  
we charge up a l l  the ava i lab le  zinc oxide t o  z inc.  Thus, the  s i l v e r  
e lectrode i s  overcharged on the f i r s t  cycle.  On subsequent cycling we d i s -  
charge some of the  zinc and again charge it up. After the f i rs t  cycle the 
s i l v e r  e lectrode does not come up to the oxygen evolut ion p o t e n t i a l  on 
charge. The c e l l  i s  e s s e n t i a l l y  cycled on a zinc cycle w i t h  the  end point  
of charge of the zinc electrode control led.  The good charge - discharge 
e f f i c i ency  of the  s i l v e r  pos i t ive  makes such cycling possible ,  and gives 
no reason t o  expect l o s ses  i n  capacity of t he  s i l v e r  e lectrode on such a 
regime. The f a c t  t h a t  t he  zinc electrode operates for  the  most p a r t  i n  
a highly charged condi t ion ( i . e , ,  l a rge ly  zinc metal  instead of z inc 
oxide) ensures an adequate supply of zinc t o  discharge the s i l v e r  e lec-  
t rode when power has t o  be drawn from t he  c e l l .  
I n  the  f i rs t  cycle 
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3. SUMMARY A-I '  CONCLUSIONS 
The d i f f u s i v i t y  of z lnca te  i n  %he a lka l ine  e l e c t r o l y t e  has been 
determined a s  a funct ion of KOH concentrat ioa and tymperature 
The d i f fus ion  c o e f ~ i c i e n t - r € c l p r o c a l  v i s c o s i t y  p l o t  does not, 
follow t h e  Einstein-Stokes equation. A q u a l i t a t i v e  explanation 
f o r  t h i s  devia t icn  fron the  Einstein-Stokes l a w  i s  t h a t  t h e  
zincate  species  i s  a l a rge  hydrated ion  i n  low concentrations 
of KOH and a small  anhydrous ion i o  more conceztrated KOH 
so lu t ions .  
The z inca te  d i f f a s i v i t y  - KGI: corxentraf ion dependwcc acd the  
zincate  s o l u b i l i t y  - K O 3  conceritzatiol; dependence 15 such t h a t  
t he  product of the zificate diffusi- ; I ty  and zinca2e s o l b S i l i t y  
goes tkiough a :lsxir?*m a t  about 32% KGY. 
Studies  of z inc deposi t ion on :?ot,atin.g discs  show k;Li.at dendri.t,es 
a r e  deposited under' d i f fus ion  co?.t,rol.?-cd condi t ions whereas ~ i o s s y  
whiskers a re  deposi.ted under a c t i  v-5 ;-,j.or~ c o i t r c l l e d  condit , ions.  
of t h e  membranes i n  the electrolybe.  Both parameters a re  apparently r e -  
l a t e d  t o  the  pore s i z e  of the  membranes. These r e s u l t s  ind ica te  t h a t  the 
l ikel ihood of f inding a membrane which w i l l  not allow zincate ions t o  
d i f fuse  and a t  t he  same time conduct OH ions a t  a reasonable r a t e  i s  
r a the r  remote, When the membranes were soaked i n  e l ec t ro ly t e  f o r  th ree  
days a t  60"c a marked increase i n  the zincate  d i f f u s i v i t y  occurred f o r  
a l l  membranes except ce l lu los i c  membranes and 2.2XH graf ted polyethylene. 
The membranes were tes ted  t o  determine the overpotent ia l  required f o r  zinc 
deposi t ion i n  the  membranes. Zinc growth occurs i n  ce l lu los i c  mater ia ls  
whenever the  overpotent ia l  exceeds t h a t  necessary t o  form dendri tes  
( 
on a zinc electrode i n  close abu t t a l  with the separator  without zinc 
growth occurring i n  the separator .  The overpotent ia l  necessary t o  i n i -  
t i a t e  the  growth of zinc i s  a function of the  separat ion coe f f i c i en t  and 
zincate  d i f f u s i v i t y  i n  the membrane. Membranes with low zincate  d i f fu -  
s i v i t i e s  and low separat ion coef f ic ien ts  (e  . go  C-3) can t o l e r a t e  high 
overpotent ia ls  on the  zinc electrode without zinc penetrat ion occurring. . 
Since some membranes such as  C-3 ,  9107/5 and polyvinylalcohol t ranspor t  
z inca te  a t  an increased r a t e  when soaked f o r  three days i n  KOH a t  60"c 
it i s  reasonable t o  assume t h a t  s imi la r  changes i n  t h e i r  t ranspor t  
p roper t ies  would occur on prolonged stand i n  KOH solut ions a t  ambient 
temperatures. Furthermore, the e f f icacy  of these membranes as  z inc 
s toppers  w i l l  change as  the  c e l l  ages. Membranes such as  C-19 and 
2.2XH which do not undergo such changes i n  z incate  t ranspor t  proper- 
t i e s  on stand a t  60"c should continue t o  behave equally wel l  as  zinc 
stoppers as  the  c e l l  ages. 
75 mV).  Membranes such as  C-3 can t o l e r a t e  an overpotent ia l  of 175 mV 
Tests on s i l v e r  zinc c e l l s  show t h a t  if  c e l l s  a r e  cu t  of f  on charge 
when the  zinc electrode reaches an overpoten t ia l  of 75 mV with respect  
t o  a zinc reference no zinc penetrat ion of the separator membranes occur. 
Membranes with high r e s i s t i v i t i e s  acce lera te  shape change when used i n  
s i l v e r  zinc c e l l s .  The bes t  shape r e t en t ion  was found with low r e s i s t i -  
v i t y  c e l l u l o s i c  membranes. 
i 
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5. NEW TECHNOLOGY 
I 
I 
I 
1. A p o t e n t i o s t a t i c  method for screening separator  membranes for zinc 
penetrat ion.  
2. A method of charging s i l v e r  zinc c e l l s  whereby the  c e l l  i s  cu t  o f f  
on charge when the  zinc overvoltage reaches a pre-se t  value.  
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